Introduction
Trauma is one of the leading causes of death with abdominal organ injuries implicated in 20 to 30%. 1 Massive uncontrolled blood loss is one of the commonest cause of death in polytrauma. 2 If ongoing hemorrhage can be controlled, we can not has the potential of achieving hemostasis even at multiple bleeding sites from a single access point while maintaining the natural tamponade effect of closed space bleeding that is often lost during open surgery. Paralleling the refinements in concepts of AE, newer concepts such as damage control surgery have emerged for hemodynamically unstable patients. However, surgery may be a difficult proposition in patients with severe coagulopathy, which is frequently associated with massive hemorrhage. In addition, a recent meta-analysis concluded no definitive advantage of damage control surgery with respect to traditional laparotomy in patients with major abdominal trauma. 3 Endovascular embolization is fast and associated with less morbidity, 4 and even if it fails, the procedure can be repeated or emergency surgery can be postponed to an elective surgery. Endovascular management of blunt trauma to the abdominal solid organs is the standard of care for hemodynamically stable patients without signs of peritonitis. [5] [6] [7] However, surgery is still considered the gold standard in treatment of hemodynamically unstable patients. 8 Early imaging in trauma is as vital as the resuscitation itself. Meta-analysis of reported data suggests that the application of early whole-body computed tomography (CT) significantly reduces the mortality rate in major trauma as compared with conventional Advanced Trauma Life Support protocols. 9 Whole-body multidetector CT (MDCT) not only accurately depicts the exact site of bleeding but also provides an angiographic road map that obviates the needs for exploratory angiography.
In this multicenter study, we evaluated the safety and effectiveness of transarterial embolization for bleeding secondary to blunt abdominal trauma in both hemodynamically stable and hemodynamically unstable patients.
Materials and Methods
This multicenter retrospective study included all patients who presented to the emergency room at eight major centers over a 4-year period. All patients had blunt abdominal trauma and were referred for endovascular embolization. Demographic data including age and gender, and data related to mechanism of injury were collected. All patients underwent MDCT examination with calculation of the Injury Severity Score (ISS). The time delay from the time of injury to the presentation at the hospital and blood pressure (BP) at presentation were recorded. All patients underwent selective angiography and superselective embolization by interventional radiologists with more than a decade of experience. The injured organ, exact site of bleeding, effect of embolization procedure and the BP after the embolization procedure, and change in inotropic supports were recorded. The patients were followed until discharge from the hospital for recurrent bleeding and any surgical interventions to arrest bleeding. The safety of embolization procedure was assessed by calculating the frequency of intraprocedure and postprocedure complications related to the embolization procedure, included bleeding, vessel injury, nontarget embolization, organ dysfunction, and infection or abscess formation. The effectiveness of embolization was assessed by calculating the duration of in-hospital stay following embolization procedure, recurrent bleeding, overall mortality, and bleeding-related mortality.
Results
Forty-five patients (41 men) were included in this study. Of them, 2 patients were in the age group of <10 years, 9 (17.7%) in the age group of 11 to 20 years, 14 (35%) were in the age group of 21 to 30 years, 8 (17.7%) in the age group of 31 to 40 years, 6 in the age group of 41 to 60 years, and 6 were more than 60 years. Forty-three (95.7%) patients were victims of road traffic accidents. The mean time lapse in transportation of patients from the site of trauma to the hospital was 4 hours.
Hemodynamic Status at the Time of Presentation and after Embolization
Twenty-two (48%) patients presented to the emergency room with a systolic BP of less than 90 mm Hg. Four (8.88%) patients had no recordable diastolic BP. Nineteen patients (42%) had a systolic BP of more than 100 mm Hg. Twenty-six patients were on inotropic support at the time of embolization.
Postembolization, there was significant improvement is systolic BP to more than 100 mm Hg in 90% of patients (23 of the 26 patients who were on inotropes).
Organ Injuries
Liver was the most commonly injured organ, with a maximum of 19 hepatic arteries embolized (►Fig. 1), followed by the internal iliac arteries (n ¼ 9), splenic (n ¼ 4) and mesenteric arteries (n ¼ 4) (►Fig. 2), and a muscular branch of the lateral circumflex iliac (n ¼ 1). Of the 45 patients, 30 had active extravasation of contrast material during CT angiography and 15 had pseudoaneurysms. None of the patients had arteriovenous fistulas. Four patients had multivessel embolization and the vessels embolized were hepatic, splenic, and mesenteric arteries. One of the patients had additional involvement of the circumflex iliac artery. Forty patients had presented with ISS of more than 45, maximum being 67. The embolic materials used were pushable coils, polyvinyl alcohol particles, Gelfoam, and n-butylcyanoacrylate.
Effectiveness of Arterial Embolization
Requirement of surgery to achieve hemostasis was considered an indicator of successful embolization. None of the patients required surgery for target organ after embolization. Two patients had undergone surgery prior to embolization (explorative laparotomy with splenectomy and liver packing in one and liver packing alone in the other) and continued to be hemodynamically unstable. Repeat CT demonstrated active extravasation from the hepatic arteries that were successfully embolized in both the patients.
Blood Transfusions
One (2.2%) patient required a massive transfusion of more than 10 units prior to embolization. Three patients required 10 units prior to embolization. Average units transfused were 3.6 units per patient along with other blood products such as fresh frozen plasma.
Hospital Stay
The average intensive care unit (ICU) stay was 5.2 days with a maximum of 28 days. Three patients required a stay of more than 10 days secondary to acute renal failure postembolization. Out of them, two patients had low effective glomerular filtration rate (EGFR) prior to the procedure. Both the patients died due to septic shock and multiorgan failure. One patient had a single functioning kidney with pseudoaneurysm that was superselectively embolized. The patient recovered completely after short-term hemodialysis.
Outcomes
Of the 45 patients, 6 patients died resulting in a mortality rate of 13.3%. Three patients died of septic shock, one died of disseminated intravascular coagulation (DIC), and two died of severe intracranial injuries. Thirty-nine patients (86.7%) survived and were ambulatory at the time of discharge.
Discussion
The last decade has shown an increasing trend toward nonoperative management in trauma. Nonoperative management consists of observation, supportive care, and the use of arteriography and embolization for hemostasis. The goal of present-day treatment approach for any trauma is organ preservation while assuring patient safety. Superselective embolization can be safely used in hemodynamically stable patients in the absence of associated hollow visceral injuries and lack of peritoneal signs on abdominal examination. Several recent reports have shown that hemodynamically unstable patients with abdominal solid organ injuries may be successfully managed using nonoperative methods. As early as 2004, Hagiwara et al showed that transarterial embolization could be performed safely for patients with blunt trauma who were in hemorrhagic hypotension if their hemodynamics could be improved by initial fluid resuscitation.
Hepatic Injuries
More than 80% of patients with blunt hepatic injury can be treated nonoperatively obviating the need for operative intervention.
11-13 AE is the procedure of choice in hemodynamically stable patients with active bleeding demonstrable on CT. Although hemodynamic instability has been considered as one of the best predictors of the need for operative management, recent studies have shown that AE can be effectively performed in hemodynamically unstable patients with success rates of 93% 14 (►Fig. 1). van der Wilden et al in their multicenter study showed that AE can be safely performed even in grade IV and grade V blunt liver injuries, with a 91.3% success rate. They attributed the higher successful outcomes of nonoperative management to nearly quarter of patients that underwent immediate embolization.
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In our study, hepatic injuries constituted 42% of all injuries, and superselective embolization of the hepatic artery was performed in all cases. Technical success was achieved in all, with none of the patients requiring surgery to arrest bleeding. AE may be the last resort for failed surgeries.
Delayed bleeding, biliary injury (bile leak, biloma), infection (hepatic and perihepatic abscesses), cholecystitis, and liver failure are possible complications of embolization. Complication rates in liver trauma patients treated nonoperatively was 27.2% as compared with 50% in patients who underwent surgical hemostasis, with an overall failure rate was 3.7%. 16 
Splenic Injuries
Nonoperative management can be considered in all hemodynamically stable patients regardless of the grade of injury. In 2013, participants of the "Evidence Based TelemedicineTrauma and Acute Care Surgery" (EBTTACS) Group conducted a critical review of the literature on the management of highgrade splenic injuries. They concluded that AE should be performed in all patients with contrast blush on initial CT scan subjected to selective nonoperative management after splenic injury. When AE was not performed, the failure rate of nonoperative management was 71% 17 (►Fig. 3).
All four patients in our study who underwent splenic artery embolization had other injuries that were also embolized in the same sitting. Although surgery continues to remain the standard of care in hemodynamically unstable patients, studies with small sample size have shown that AE can be used in hemodynamically unstable patients. Hagiwara et al showed that AE could be effective in treating unstable patients who were transient responders to fluid resuscitation. 18 Lin et al in their series of 13 patients showed that splenic AE is safe and effective even in hemodynamically unstable patients. 19 Proximal AE can also be performed in patients with a high risk for secondary rupture of the spleen to reduce the pressure in the splenic parenchyma, which can help in healing of the laceration. Wahl et al in their series compared embolization to surgery and demonstrated a significantly lower number of complications in the embolization group (13%) than the operative group (29%). 20 The failure rates vary in literature with a recent study showing only 3% in the entire group, although it was 6% in patients with grade IV and grade V spleen injuries. 21 However, the opinions are divided regarding complication rates between proximal and distal splenic embolization and there has been no consensus as to which reduces the complications while ensuring hemostasis. 22 Major complications can occur in up to 14% of patients and include splenic abscesses, infarction, cysts, and contrastinduced renal insufficiency. 23 No major complications were seen in our series.
Renal Injuries
AE is increasingly accepted for treating ongoing bleeding without surgical exploration with surgical intervention being essential in only 5 to 10%. Nephrectomy may be an inevitable outcome when hemodynamically unstable patients undergo surgical exploration. 24, 25 Hemodynamically unstable patient with active extravasation of intravenous contrast material demands immediate intervention; however, the guidelines again are indecisive about the choice of procedure, whether surgical exploration or angioembolization. Shoobridge et al reported that these injuries could now be managed with embolization. 26 The absolute indications for renal exploration are persistent, life-threatening hemorrhage from renal injury, renal pedicle avulsion (Grade V injury), and expanding, pulsatile, or uncontained retroperitoneal hematoma. Success rates reported are high in patients undergoing angiography and embolization as primary management.
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Frequently, an additional procedure may be required in 88.3% of cases to avoid nephrectomy especially in penetrating trauma 28 (►Fig. 2) . In a series of hemodynamically unstable patients with grade V injuries, one study reported 100% technical and clinical success with none of the patients requiring further intervention.
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Saour M et al studied the effects of embolization on renal function and concluded that renal AE did not seem to significantly affect the occurrence and course of acute kidney injury or renal recovery.
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Three patients in our series had acute renal failure postembolization. Two patients had low EGFR prior to embolization and both died due to septic shock and multiorgan failure. One patient had a single functioning kidney with pseudoaneurysm that was superselectively embolized and the patient required temporary hemodialysis postprocedure.
Pelvic Injuries with Internal Iliac Artery Bleeding
The mortality rates of hemodynamically unstable patients with pelvic fractures are high. In case of life-threatening hemodynamic instability and failure to find an arterial lesion, temporary nonselective embolization of both internal iliac arteries may be performed. Success rates for AE for pelvic fractures are 80 to 100%.
31 Level I recommendation exists for pelvic angiography and embolization when arterial contrast extravasation occurs regardless of hemodynamic status. There is a level II recommendation for repeat pelvic angiography and embolization if the first procedure has failed in achieving hemostasis. 31 Pelvic fractures were common in our series, with internal iliac artery being the second most common artery embolized. All patients responded to embolization with none requiring second procedure.
Mesenteric Artery Injuries
Mesenteric artery injury is not uncommon in trauma, 32 although we had only one patient with injury to the mesenteric vessel along the ileocolic arcade. The patient had associated injury to the spleen and liver. Embolization of these vessels requires careful angiographic evaluation of the both proximal and distal segments to ensure that bleeding does not recur from either end (►Fig. 4).
Eventual Outcomes
In our study, nearly 50% of the patients were hemodynamically unstable at the time of presentation, and embolization was 100% successful with no patient requiring surgery to achieve hemostasis. The overall mortality rate was 13.3%, none of which was due to persistent or recurrent bleeding. Of the patients who died, three deaths were due to of septic shock, one due to DIC, and two due to severe intracranial injuries. The remaining 86.7% survived and were ambulatory at the time of discharge. The average ICU stay was 5.2 days, with only one patient requiring transfusion of more than 10 units. These findings suggest that angioembolization can be successfully employed for blunt traumatic injuries of the abdomen both in hemodynamically stable and hemodynamically unstable patients. 
Limitations and Conclusions
Although the study by itself cannot make recommendations and draw definitive conclusions largely due to its small sample size, it surely questions the guidelines on the management of trauma purely based on hemodynamic status of patients. With increasing availability of interventional radiology resources and better planning of location of interventional radiology suites closer to the emergency rooms and CT suites, AE should be considered as an integral part of resuscitative measures and should be considered as the first-line management for hemostasis even in unstable patients. 
